A defined transforming medium (DTM) containing buffer and 5 to 10,g per ml of deoxyribonucleic acid was developed to study the physical and chemical requirements for optimal transformation in streptococcal strain SBE. Optimal transformation in DTM occurred at pH 7.5 and 7.0 in 0.07 M Perry and Slade (13). Streptococci were grown in Fernbach flasks containing a 600-ml layer of TH agar (5% agar) overlaid with 250 ml of TH broth inoculated with the organism. Cultures were lysed with Streptomyces albus enzyme (Consolidated Laboratories, Chicago Heights, Ill.), and DNA was precipitated with 2 to 5 volumes of cold ethyl alcohol. DNA was collected on a glass rod and stored at 4 C for at least 24 hr to sterilize the preparation. The crude DNA preparation was dissolved in either 2 M NaCl or 0.9 M tris(hydroxymethyl)aminomethane (Tris) buffer (pH 7.0), and stirred slowly overnight
Genetic transformation of bacteria by deoxyribonucleic acid (DNA) is a multiphasic process involving the attachment of DNA to a microorganism and its subsequent transport into the cell where it is incorporated into the recipient cell genome. Although DNA attachment and uptake by competent cells has been studied extensively, many of these studies were done under poorly defined conditions. Studies in which Bacillus subtilis (16) , Haemophilus influenzae (1) , and B. licheniformis (8) were used in a defined environment to study DNA (12) .
A streptomycin-resistant mutant of strain SBE, resistant to 50 mg/ml of the antibiotic, was obtained by plating 0.1 to 0. 5 Perry and Slade (13) . Streptococci were grown in Fernbach flasks containing a 600-ml layer of TH agar (5% agar) overlaid with 250 ml of TH broth inoculated with the organism. Cultures were lysed with Streptomyces albus enzyme (Consolidated Laboratories, Chicago Heights, Ill.), and DNA was precipitated with 2 to 5 volumes of cold ethyl alcohol. DNA was collected on a glass rod and stored at 4 C for at least 24 hr to sterilize the preparation. The crude DNA preparation was dissolved in either 2 M NaCl or 0.9 M tris(hydroxymethyl)aminomethane at 4 C on a magnetic stirrer. Some insoluble material was removed by centrifugation at 1,060 X g. This "crude" DNA preparation was tested for DNA content by the colorimetric method of Dische (2) , and stored at 0 C at concentrations of 60 to 100 ,ug/ml. Biological activity remained unchanged for as long as 8 months.
Transformation reaction. Streptococcal strain SBE was grown to maximal competence by inoculating 0.5 ml of the culture into 5 ml of a 10% serum broth, incubating at 37 C for 12 hr, inoculating a fresh broth with 0. 
RESULTS
Effect of pH on transformation in a defined transforming medium (DTM). This study showed that distinct pH requirements were necessary for transformation to occur in strain SBE. h other defined systems, pH 6.5 in H. influenzae (6) and 6.9 in B. subtilis (16) supported optimal transformation. With strain SBE, optimal pH requirements were found in both Tris and phosphate buffers (Fig. 1) . Maximal siderably higher in the phosphate buffer system, the actual transformation rates show Tris buffer to be more effective in supporting transformation. The phosphate buffer system contained a base level of Na+ of 0.11 M before the addition of any more cation (concentration on the figure refers to final concentration).
When K+ was used in DTM, transformation was stimulated maximally at 0.05 M regardless of the differences in the environment described (Fig. 3) . Any increase in the K+ concentration above 0.05 M, although still stimulating transformation, produced lesser amounts of stimulation.
Since transformation rates varied daily, experiments were conducted to compare the effects of Na+ and K+ on transformation, with the same cell inoculum (Table 1 ). Under the conditions described, 0.05 M K+ stimulated transformation to the greatest extent (3.5-fold). Equimolar Na+ was less stimulatory.
Sodium and potassium ions were studied to determine whether there was any heightened stimulation of transformation when both cations were present in concentrations which gave maximal stimulation separately. (5, 6, 8, 10, 16) , the effect of the chloride salts of divalent cations on transformation of streptococcal strain SBE was studied in DTM (Fig. 4) . Stimulation of transformation (as compared with Tris buffer without cations) occurred at 10-3 M with both Ca+2 and Mn+2. Magnesium gave stimulation at 10 M and demonstrated another peak at 10-4 M. Inhibition of transformation occurred at 102 M Mn+2 and with Cu+2 from 10-2 to 10-4 M.
Comparisons of the relative stimulatory effect of the divalent cations are shown in Table 3 . Of the cations tested, Mn+2 (10-3 M) was the most stimulatory. The ability to stimulate transformation declined in the order of Mg42 (10-2 M), Ca+2 (10-M), and Mg+2 (10- Table 5 describes an experiment which shows that 10-8 M Mn+2 effectively overcomes EDTA inhibition of transformation, whereas K+ at 0.05 M has no effect. Figure 9 , showing the kinetics of the reversal of EDTA inhibition by Mn+2, demonstrates that the cation is most effective in overcoming inhibition when it is added early in the course of the transformation reaction. The later Mn+2 was added to the transforming mixture, the less effective it was in overcoming the inhibition. By 5 m,in the Mn+2 had lost more than 60% of its ability to overcome inhibition. DISCUSSION The results indicate that defined conditions are necessary for maximal uptake of DNA during streptococcal transformation. These conditions include pH optima of 7.0 and 7.5 in Tris and sodium phosphate buffers, respectively. In Tris buffer, maximal DNA uptake occurs in the presence of either 0.05 M sodium or potassium. Divalent cations are also a necessary component for maximal transformation stimulation, Mn+2, Mg+2, and Ca+' all being effective. Similar stimulation of transformation by both monovalent (6, 7) and divalent (5, 8, 10, 16) cations has been reported in other systems.
At least three possibilities exist concernig the nature of cation stimulation of DNA uptake and subsequent transformation (16) Mn+2 (all at 10-4 M) all tend to stabilize DNA (4). The binding order of three of these cations to DNA is Mn+2 > Mg+2 > Ca+2 (14) . Magnesium and calcium at 3 X 10-4 M stabilize DNA to the same extent as Na+ at 0.05 M (3). The effectiveness of the cations described in binding to and stabilizing DNA is strikingly similar to the data obtained for these cations in stimulating streptococcal transformation. However, although Mg+2 and Ca+2 bind DNA equally well (3), only Mg+2 stimulates B. subtilis transformation (16) . If we assume that in our transformation system both manganese and potassium ions are stabilizing at concentrations at which they stimulate transformation maximally, there should be no heightened stimulation when both cations are present in the same reaction mixture. This was found not to be the case, since the presence of both cations caused increased transformation. The fact that both potassium and manganese are stimulatory early in the transformation suggests that they may act as some sort of positively charged bridge between the negatively charged cell and DNA, since preincubation of either DNA or competent cells with the cations before the completion of the reaction mixture causes no difference in efficiency of DNA uptake. Under these circumstances, the binding of DNA to the cell surface could be mediated by these cations and, therefore, occur more readily. Still unexplained is the heightened stimulation of transformation when both cations are present together. One would expect either cation to be more effective than a mixture of both.
It is possible that either monovalent or divalent cations, or both, play a role as cofactor(s) of an enzymatic reaction. This role could be either with the induction of competence by competence-inducing enzymes such as "competase" (11) or with a system which has tentatively been called "DNA permease" (15) , and which would involve an active transport mechanism. Once the systems required for successful transformation have been isolated, the exact site of
